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\ According to the present invention, adrencariedullin which is a novel peptide having a hypotensive 
etfect ; proadrenomedullin N-terminal 20 peptide (proAN4-N20) corresponding to an amino acid 
sequence of an N-terminus of proadrenomedullin, having a catecholamine secretion inhibitory effect; 
proadrenomedullin N-terminal 10-20 peptide (proAM-N(1 0-20)) having a Na channel inhibitory effect, 
and a gene encoding these peptides are provided. In addition, according to the present invention, these 
peptides in a sample containing adrenomdullin or proAM-N20 in an unknown amount can be quantified 
by using an antibody against adrenomedullin, prQAM-N20, or its fragment 
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BACKGROUND OF THE iNVENTTON 
1. Fiield of the Invention: 

The present invention relates to adrenomedullin which is a novel peptide having a hypotensive effect, and 
proadrenomedijilin N-terniinal 20 peptlde:(hereinafter referred to as the "proAM-N20*^ having a catechoiamine 
secretion inhibitory effect and proadrenomedullin N-tenminal 10^20 peptide (hereinafter referred to as the 
"proAM-N(i (j-20n having a Na channel Inhibitory effect, both of the proadrehomedullin N-ferminal peptides 
beingparf of a prdproteih of adrendniedullin. More particularly, the present invention relates to adrenomeduiiin 
which can be purified from human phenoehronx)cyt6rha (hereinafter referred to as "human PG"); structural 
genes of adrenomedullin. proAM-N20 and proAM-N(1 0-20); adrehbmedulllh and its proprbteihs encoded by 
the structural genes; expressidh vectors having the structural genes; trahsfdrmants having the expression 
vectors; prpductfoh niethbds for adrenomedullin, proAM-N20 and proAlW-fsl(rO-20) by using the transformants; 
an antibody against adrenomeduiiin or prQAM-N20; an assiay for quahtifyihg adrehdrhedulJin or proAM-N26 in 
a sample by using the antibody; and peptides useful in the preparation of the antibody arid in the assay. 

2. Description of the Related Art: 

Mammalian circulation Is regulated by subtle mechanisms Involving several neural and hormonal factors. 
Vasoactive peptides such as brain natriuretic polypeptide (BNP)^ atrial natriuretic polypeptide (ANP) and en- 
dothelin are known as important regulators in the cardiovascular system. It is assumed that BNP and AMP par- 
ticipate In blood pressure regulation and electrolyte metabolism regulation. 

In orderto darify the intricacies of circulation, it Is Important that still unidentified vasoactive peptides be 
discovered. Especially, hypotensive peptides are desired which are useful In diagnosis and treatment of hy- 
pertensive hypercardia and cardiac failure. 

SUMMARY OF THE INVENTION 

The peptide of this invention comprises an amino acid secjuence from Sdf in the 13 position to Tyr In the 
52 position of SEQ ID No. i and has a hypotensive effect 

In one embodiment, the peptide cdniprises ah aniino add sequence from Tyr In the 1 position to Tyr in the 
52 position of SEQ ID No, 1 . 

\n one erribodlmeht, the pieptide comprises an arrilho acid sequence from Ala in the -73 pdsitidn to Tyr in 
the 52 position df SiEQ ID No. 1 . 

In one embodiment, the peptide consists of an amino acid sequence from Ser in the 13 position to Tyr in 
the 52 position of SEQ ID No. 1 . 

In one embodiment, the peptide consists of an amino acid sequence from Tyr In the 1 position to Tyr in 
the 52 position of SEQ ID No. 1 . 

In one embodiment, the peptide consists of an amino acid sequence from Ala in the -73 position to Tyr in 
the 52 position of SEQ ID No. 1 . 

In one embodiment, the carboxyl terminus of the peptide is amidated. 

In one embodiment. Gly is attached to the carboxyl terminus of the peptide. 

In one embodiment, the peptide comprises an amino acid sequence from Met in the -94 position to Leu 
in the 91 position of SEQ ID No. 1. In this amino acid sequence, the sequence from Met in the -94 position to 
Thr in the -74 position seems to be a signal peptide. 

In one embodiment. Cys in the 16 position and Cys in the 21 position of SEQ ID No. 1 are llnlced by a dis- 
ulfide bond. 

In one embodiment, the disulfide bond which Is linked between Cys in the 16 position and Cys in the 21 
position of SEQ ID No. 1 is substituted with a -CH2-CH2- bond. 

Alternatively, the peptide of the present invention comprises an amino acid sequence from Gin in the 3 
position to Arg in the 12 position of SEQ ID No. 1. and generates an antibody for recognizing an amino acid 
sequence from Tyr in the 1 position to Tyr in the 52 position of SEQ ID No. 1 . Examples of such a peptide indude 
a peptide consisting of an amino acid sequence from Gin in the 3 position to Arg in the 12 position, and a peptide 
consisting of an amino acid sequence from Tyr in the 1 position to Arg in the 12 position of SEQ ID No. 1. Such 
a peptide corresponds to the N-terminal sequence of mature adrenomedullin and is useful in the preparation 
of an antibody and in an assay using the antibody. 

Alternatively, the peptide of the present invention comprises an amino acid sequence from lie in the 47 
position to Tyr in the 52 position of SEQ ID No. 1, and generates an antibody for recognizing an amino acid 
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.sequence from Ser in the 13 position to Tyr in the 52 position of SEQ ID No. 1. Examples of such a peptide 
include a peptide consisting of an amino acid sequence from lie in the 47 position to Tyr in the 52 position of 
SEQ ID No. 1, a peptide consisting of an amino acid sequence from Ser in the 45 position to Tyr in the 52 
position of SEQ JD No. 1 , and a peptide consisting of an amino acid sequence from Asn In the 40 position to 
5 Tyr In the 52 position of SEQ ID No. i. Such a peptide corresponds to the C-termlnal sequence Of mature adre- 
nomedullin and is useful in the preparation of an antibody and in an assay using the antibody. 

In one embodiment, the carboxyl terminus of the peptide correspohdinig to the C-termlnal sequence of ma- 
ture adrenomeduliin is amidated. 

Still another peptide {proAM-N(10-20)) of the present invention comprises an amino acid s^uehce frorh 
10 Arg in the -64 position to Arg in 1 and has a Na ciharinel Inhibitory effect An 

iexampie Of such a peptide includes a peptide (proAM^NiO) comprising an amino acid sequence from Ala in 
the ^73 position to Arg in the -54 position of SEQ ID No. 1 and having also a catec^oiamihe secretion inhibitory 
effect Such ia peptide cbrrespionds to the N-terminial sequence of pr<»drehomedullth. 

In one erribodimeht thjB cairboxyi terminus of the N-tefniinal peptide of praadrenbhniedullln .ls aniidated. 
15 In one emboilimeht Gly is attached to the carboxyl terhilnus of the N-tenminal peptide of proadrehdme- 

diiilih. 

Alternatively, the peptide of the present invehtloh cojfiijjrlsiBS an amino acid sequence torn Trp in the -61 
position to Arg in the -54 position of SEQ ID No. 1, and geneirates an antibody recognizing ah ahrtino acid se- 
quence from Al^ in the -73 position to Arg in the -54 pbsiUoh of SEQ ID No. 1. Examples of such a peptide 
2Q include a peptide 'consisting of an amino add sequence from Trp in the -61 position to Arg in the -54 position 
of SEQ ID No. 1 and a peptide consisting of an amino acid sequencefrom Phe in the -65 position to Arg in the 
-54 position of SEQ ID No. 1. Such a peptide conresponds to the C-terminal sequence of proAI\^-N20 and is 
useful in the preparation of an antibody and in an assay using the antibody. 

in one embodlmerit, the carboxyl terminus of the peptide corresponding to the C-terminal sequence of 
25 proAM-N20 is amidated. 

Alternatively, at least one of the amino, acid sequences forming the peptide of the present Invention can 
be labeled. 

Alternatlviely, the peptide of the present invention further comprises Tyr labeled with a radioactive isotope 
whidh Is attached to any of the above-nnentioried peptides. 
30 The DlslA sequence of the present Invention encodes any of the above-nrientiohied peptides. 

In one embbdimefiti the ONA sequence comprises a base sequence from A in the 483 position to C iri the 
602 pbsiitlbh of SEQ JD No. 1. 

In 6ni9 emtbodinntehti the.DNA sequence conhiprises a base sequence frdni A in the 483 position to C in the 
(B05 position of SEQ ID No. 1. 
35 In one embodiment, the DNA sequence comprises a base sequence from T in the 447 position to C in the 

602 position of SEQ ID No. 1. 

in one embodiment, the DisiA sequence comprises a base sequence from T in the 447 position to C in the 
605 position of SEQ ID No. 1. 

In one embodiment, the DNA sequence comprises a base sequence from G in the 228 position to C in the 
40 602 position of SEQ ID No. 1 . 

In one embodiment the DNA sequence comprises a base sequence from G in the 228 position to C in the 
605 position of SEQ ID No. 1. 

In one embodiment the DNA sequence comprises a base sequence from A in the 165 position to T in the 
719 position of SEQ ID No. 1. 
45 In one embodiment the DNA sequence comprises a base sequence from C in the 255 position to T in the 

287 position of SEQ ID No. 1. 

In one embodiment the DNA sequence comprises a base sequence from C in the 255 position to G in the 
290 position of SEQ ID No. 1. 

In one embodiment the DNA sequence comprises a base sequence from G in the 228 position to T in the 
50 287 position of SEQ ID No. 1 . 

In one embodiment the DNA sequence comprises a base sequence from G in the 228 position to G in the 
290 position of SEQ ID No. 1. 

In one embodiment the DNA sequence comprises a base sequence from T in the 264 position to T in the 
287 position of SEQ ID No. 1. 
55 In one embodiment the DNA sequence comprises a base sequence from T in the 252 position to T in the 

287 position of SEQ ID No. 1. 

The expression vector of the present invention has any of the above-mentioned DNA sequences. 

The transfbnmant of the present invention is obtained by introducing the expression vector into a host 
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The production method for a peptide of the present invention connprises the steps of: culturing thetrans- 
formant In a medium; and collecting the generated peptide from the medium. 

In one embodiment, the production method further comprises the step of amldating the carboxyl terminus 
of the collected peptide. 

The antibody of the present Invention recognizes any of the above-mentioned peptides. 
In one embodiment, the antibody recognizes an amino acid sequence from Tyr:in the 1 position to Arg1n 
the 12 position of SEQ ID No. 1 or a portion included in the amiJiD acid sequence. 

In one embodiment, the aintibody n&tt)gnlzes an amino add sequence fit>m Glh in the 3 position to Arg in 
the 12 position of SEO jD No. 1 or a portion Irtcluded in the amino acid sequence. 

In QtiB embodiment, the aritibiody recognizes an amino acid sequence from lie in the 47 position to Tyf in 
the 52 position of SEQ liD No. 1 ora portion Included in the anil hb acid sequence. 

In diie embodiment, f hie antibody recognizes ah amino acid sequence from Ser in the 45 pdsitlbii to Tyf 
in the 52 position of SEQ ID Kla 1 or a portion include in the amino acid sequenoe. 

fn one embckliment. the antibody.recogi^ an amino acid sequence frorh Asn In the 40 position to Tyr 
in the 52 posrtibri of SEiQ ID Isfa 1 or a portion included in the amino acid sequence. 

In one embodiment, the antibody recognizes an amino acid sequence from Tfp in the -61 position to Arg 
in the -54 position of SEQ ID No. 1 of a portion included in the aniino acid sequence. 

In one embodiment, the antibody recognizes an iamino acid sequence from Phe in the -65 position to Arg 
in the -54 position of SEQ ID No. 1 of a portion included in the amihd acid sequence. 
20 Jn one embodiment, the antibody recognizes an amino acid sequence in which the carboxyl group at the 

carboxyl terminus thereof is amidated or a portion included in the amino acid sequence. 
In one embodiment, the antibody is a polyclonal antibody or a monoclonal antibody. 
The immunological assay for a peptide of the present invention cxMnprises the steps of: incubating a sample 
including any of the above-mentioned peptides with any of the above-mentioned antibodies under conditions 
^5 for forming ^n antigen-antibody compiex; and quantifying the antigen-antibody complex. 

The vasorelaxant, the vasodilator or the medicament for cardiac fel lure erf the present invention include 
any of the above-mentioned pfeptldes as an effective component 

The Idt for an Immuholdgical aslsay of the p^ptidd of the pfeseht invention includes any of the abdve- 
mdhtioned antibodies. 
30 In one embodiment, the kit includes any of the above-meritibned peptides. 

Thus, the invention described herein makes possible the advantages of (1) providing adrehdmedullih, 
which is a novel peptide having a hypotensive effect, and a vasorelaxant and a vasodilator jridudirig adren<> 
meduHiri; (2) providing prbAM-.N20, whidh isa hovel peptide having a cafedholamlne secretion inhibitory effect, 
and a cateciholamlne inhibitor Inicluding proAM-N20; (3) providing proAM-N{10-20) having a Na channel inhib^ 
itory effect and a Na channel inhibitor including proAM-N(1 0-20); (4) providing a vasorelaxant, catecholamine 
inhibitor and Na channel inhibitor useful for the treatment of circulatory diseases such as cardiac failure, car- 
diac infarction and hypertension; (5) providing a DNA sequence encoding adrenomedullin and its precureor; 
(6) providing an expression vector having the DNA sequence; (7) providing a transformant having the expres^ 
sion vector; (8) providing a production method for adrenomedullin by using the transformant, capable of, if re- 
quired, mass-producing adrenomedullin at low cost; (9) providing an antibody against adrenomedullin or 
proAM-N20; (10) providing a quantifying assay for adrenomedullin in a sample by using the antibody, which 
can be used for the diagnosis, the prevention and the treatment of circulatory diseases such as hypertension; 
(11) providing peptides useful in the preparation of the antibody and in the assay; and (12) providing a quan^ 
tifying assay for adrenomedullin or proAIV1-N20 which can be used as a tumor marker. 

These and other advantages of the present invention will become apparent to those skilled In the art upon 
reading and understanding the following detailed description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

so Figure 1 shows an amino acid sequence of adrenomedullin derived from human PC of the present inven- 

tton. Fragments RE1 through RE6 indicate fragments obtained by cleavage with arginylendopeptidase. 

Figure 2 shows a comparison between amino acid sequences of adrenomedullin derived from human PC 
of the present Invention, calcitonin gene related peptide (CGRP), CGRP II and amylin. 

Figures 3A to 3D show variations in the blood pressure of anesthetized rats caused by a single Intravenous 
55 administration of adrenomedullin of the present invention or CGRP. 

Figure 4 shows variations of various hemodynamic parameters in anesthetized rats caused by a single 
intravenous administration of adrenomedullin of the present invention. 
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PESCRIimOH OF THE PREFERRED EMBODIMENTS 

The present inventors have made various studies to obtain hypotensh^e peptides. As a r^ult, they have 
isolated a novel hypotensivepeptide from human PC and darified the primary stracture and the immunologic^^ 

charaderisflcs of the peptide to accomplish the present Invention. 
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Terms used herein to descrilMi the present invention vwll 

»AdfenOmeduilin" is a hovel tiypofansive peptide. Especially, human-derived adrenomedullin provided by 
the present inventbn includes an amino acid sequence from Tyr in the 1 position to Tyr in the 52 position of 
SEQ lb No. 1 of the accompanying sequence listing. Poroihe-derived adrehoniedujlih iridudes an amino aqd 
sequence from Tyf in the 1 position to Tyr in the 52 position of SEQ ID No. 2 of the accbmpariymg sequence 
listing. AdrBnomedullin of We present invention, to^^^ 
amih^ add sequence indudihg aoohseryativenk)^^^^ 

the C-termirtus bradi-eribmeduinri can be a^^ ■ ,e.c:« 

Apeptide comprising an amino acid sequence from Met in the ^94 position to Leu in the 91 position of SEQ 
ID No 1 is assumed to be preproadrenomedullin. A peptide, virtiich is obtained by processing the signal peptide 
of the pi^roadrehbmeduiliri and comprises ah amino acid sequence from Ala in the -73 position to Leu in the 
20 91 position of SEQ ID No. 1, is assumed to be proadrenomedullin. 

•Proadrenomedullin N-temiinal 20 peptide (proAM-N20)- is a novel peptide having a catecholamine se- 
cretion inhibitory effect Espedally. human-derived proAM-N20 provided by the Pfeserrtjnventlon-constets o^ 
an amino add sequence from Ala in the -73 position to Arg in the -54 position of SEQ ID No. I^ -Proadre"^ 
medullin N-terminal 10-20 peptide (proAM-N(1 0-20))" is a novel peptide having a Na channel inhibitory effect. 
Espedally. human-derived proAM-N(1t)-20) provided by the present invention consists of an ^^^^^m^ 
quence from Arg i" the -64 position to Arg in the -64 position of SEQ ID No. 1. ProAM-N20 and ProAM-N(10- 
20) of the present invention are not limited to these sequences, but Indude any amino aad sequence 
a conservative modif Icatlort or defect whidn does hot affect the afetiVfty thereof. The Otermini of proAM'N20 
and proAM'N(10-26) cant>ealiildated. - i-h^r- 

"Amidatlon of theC-terhinus" is one of the modifications of a peptide^ in which a GOGH group in the e- 
terminal amino acid of the peptide is changed to CONHa. Some of the biologically actwe peplides functioning 
in an oraariism afef list biosynthesized as a precursor protein Waving a larger mbleiiular weight The Precurspr 
protein is then Watured l^ mbdificaiibh sudi as the amidalionbfW The amidation is conducted 

by a C-tefmirial amidating enzyrhe working on the precursor protein. The precursor protein always indudes a 
35 Gly residue on the C-terminal side of the residue to be amidated. which is frequently followed a basicam.no 
acid sequence pair such as Lys-Arg and Aig-Aig on the C-terminal side (MIzuno. J. Biochem.. Vol. 61. No. 12. 

pp. 1435-1461 (1989)). .... u • ^r^rr^^ 

An ordinary peptide having COOH atthe C-terminus and a C-terminal amidated peptide are herein referred 
to as a peptide IX-Y] and a peptide [X-YINH^. respectively, wherein X and Y indicate the positions of ammo 
40 acids at the beginning and the end of the peptides in the accompanying sequence listing. 

A peptide is "immunologically reactive" with an antibody when a spedfic epitope m the peptide is recog- 
nized by the antibody, thereby binding to the antibody. Several methods for determining whether or not a pef^ 
tide is immunologically reactive with an antibody are known in the art Enzyme-linked immunosorbent assay 
(EUSA) and radioimmunoassay (RIA) are especially preferred. 

46 

II. Methods to be used In the present invention: 

In the present im/entlon. isolation and analytical methods of a protein, a recombinant DNA technology and 
other Immunological methods, all of which are known in the art. are used, except otherwise mentioned. 
so Typical methods which can be used in the present invention are as foltows: 

(1) Purification and structural analysis of adrenomedullin: 

The derivation of adrenomedullin of the present Invention Is not particularly restricted. It can be derived 
55 from human PC or porcine adrenal medulla. A^^^^M^Min 

A crude extract from human PC is purified by various types of chromatography to obtain adrenomedull n 
Afraction induding the desired adrenomedullin can be obtained by monitoring the activity elevation of platelet 
cAMR 
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An assay by monitoring the activity elevation of platelet cAMP. has been used to isolate, from human PC. 
biologically active peptides such as vasoactive intestinal polypeptide <VIP) and:^^^^ 

(GGRP) (Kitamura etal., Siochem. Biophys. Res, Commun., 185, 134-141 (1992)). These peptides are known 
to have a potent vasorelaxing effect, and are considered to bind to a specif rc receptor on the platelet membrane 
to increase the intracelliilarcAMP level. This assay is regarded to be a good means to study biologically active 
peptides. Therefore, the present inventors. adopted this assay because It seemed to be a promising method 
to detect a vasoactive peptide in an extract from human PC tissues. 

Structural enalysis of adrenomeduilin purif iifed as mentioned above is performed by using, for example, a 
gas phase si^uencer and the like. 

(2) Corif irmattoh oiF the hypotensKre effe<i oiF adrenbmiedullin: 

The hypotensive effect of adrenomedufiin prepared as rhehtioned above can be confirmed, for example, 
in the same manner as i-epbrted with regard to rat brain natriuretic polypeptide (KIta et al.. Eur. J. Pharmacol., 
202, 73-79 (1991)). Spedflcally. an ebcperime iahlmal such as ia rat is anesthetized, and dosed with adre- 
honieduilin by an appropriate n^thod. then, the blood pressure of the iariinfial Is aintihudusly monitored through 
a right carotid artery catheter connected to^a Wood pressures before and after ad- 

ministration of adrenomeduilin are cbrhpared to confirm the hypotensive effect of adrenomeduilin. 

20 (3) Gloning and sequencing of adrenomeduilin cDNA: 

Acloning and sequencing method for a DNA fragment including DNAenooding adrenomeduilin of the pres- 
ent Invention will now be described. An example of the methodforsequencing cDNA encoding adrenomeduilin 
of the present invention Is as follows: AcDNAIIbrary (described In detail below) is prepared from total RNA of 
is human PC. The library Is screened by using a probe, thereby obtaining e positive done. The posith/e clone is 
then sequenced by the DMA sequencing method. 

(A) Production of a DNA probe; 

The cbNA erioodihg adrenortVedullin can be prepared, for exampie. from human PC as described above. 
A probe for cloning the adfenornedullin cDNAfrom a cDNA library derived frorti human PC is produced as fol- 
lows: ... * i * 
A probe can be diredtly or Indirectly produced based upon the peptide sequence at the ammo terminus of 

adrenomeduilin prepared as described in the above-mentioned Item (1). 

35 In the indirect production, a DNA primer for a polymerase chain reaction (PCR) Is synthesized, for example, 

based on the amino acid sequence at the amino terminus. The DNA primer can be used to amplify a template 
for PCR prepared as below to obtain a probe for screening. For the preparation of such a template for PCR. 
cDNA obtained from human PC, where abundant adrenomeduilin is consWered to exist, can be used. Such 
cDNA can be prepared as follows. RNA Is extracted from human PC by the guanidine thfocyanate method 

40 (Chomczynski. R et al.. Anal. Biochem.. 162. 156-159 (1987)). A primer is annealed with the extracted RNA. 
and then DNA is synthesized from the primer by using reverse transcriptase to provide the desired cDNA- 

Aiternatlvely. such a probe can be prepared from DNAencodIng adrenomeduilin derived from another non- 
human animal. A method forscreening for DNAencodIng human-derived adrenomeduilin using such a porcine- 
derived probe found by the present inventors will be described in detail in the undermentioned examples. 

45 The probe obtained as above Is labeled to be used in subsequent screening. 

(B) Screening of the library; 

The cDNA library is produced from human PC tissues by a method known in the art The preparation meth- 
50 od for the cDNA library is described by. for example, Hyunh, V. T et al.. DNA Cloning Techniques - A Practical 
Approach (IRL Press, Oxford. 1984) and Okayama and Berg. Mol. Cell Biol. (1983) 3: 280-289. 

The cDNA library is screened by using the probe prepared as described in Item (A) under appropriate con- 
ditions to obtain a positive done including cDNA encoding the desired adrenomeduilin. 

55 (C) Sequencing of cDNA: 

The insert of the desired recombinant plasmid, i.e., the positive clone, obtained in the item (B) can be se- 
quenced as follows. The insert is cleaved at a restriction enzyme recognition site present therein. Each of the 
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Cleaved DNAfragments is subdoned into an appropriate sequence vector, for example. BlueScnPt Then the 
base sequence of the cloned fragment Is determined by using, for example, an automated DMA sequencer by 
the dyeprimer cycle sequencing method or the dideoxy cycle sequencing method. Thus, the base sequence 
of the entire fragment is determined. 

(4) Production of adrenomeddllln, Its precursor protein. proAM-N20. its fragment for preparing an antibody 
and proAM-N(10-20): 

AdrenbmedUlliri. its precursor protein. proAM'N26. its fragment for preparing an antibody and proAM- 
NdO-aO) cart be produced by various methods Including recombinant technology and tiie chemical synthesiz- 
ing method. In the recombinant technology. DNA sequences ehcddirig atfrenomedullih. its precursor protein. 
prDAM-N20. its fragment and proAM-N(10-2d) are expressed by using vartousi rfecombitiant systenre. An ex- 
pression vectorls constructed and atransformaiit having an appropriate DNAsequerice ispipduced by knovim 
methCKteinWeart.ExpiBsstonGimbeq6n^^ : . 

Examples of a procaryote host indiide E.Gdli. Badlius and other bacteria. When such procaryote is a host, 
a pjasmidvectorhavirigareplicatiori siteiand acdntrol sequenoe^mpatible with the host is used For exampte. 
E coli is typically transformed with a derivative of pBR322. which is a plasmid deirived fromE.ooli. The control 
sequence herein includes a promoter for initiation of transcription, an operator if necessary, and a nbosome 
binding site. Such a control sequence includes generally used promoters such as p-lactamase and lactose pro- 
moters (Chang et al:, Nature. (1977) 198, 1056). tryptophan promoters (Goeddel et al.. Nucleic Acids Res., 
(1980) 8. 4057), and promoters derived from X phage and N^gene ribosome binding sites (Shimatake. Na- 

'"^An^inpteofan^ eucaryotelwst includes yeast. When such eucaryote is a host, a plasmid vector having 
a replication site and a control sequence compatible with the host is used. For example, yeast is tran^rmed 
with pYEUra3 (Clontech). The other useful promoters In a yeast host Include;. fOr example, promoters for syn- 
thesizing a glycolytic enzyme such as a promoter for synthesizing 3-phosphoglycerate kinase i^'^"^ ^^ 
al.. J. Biol, etiem. (1980) 255. 2073). Further, promoters derived from an enolase gene or those derived from 
aLeu2gehe"obtalri(BdfromVEp13canbeused. . ^ „ 

Examples of anappropriate mamrnallan promoter indude mettllotnioneia 
from SV40. and other Virus promoters sucfi as those derived from polyonw virus, adenovirus 11. bovine papil- 
ibma virus and aviian sarcoma virus. a^^ht^ 

AtransfOrmahtcari be obtained by introducing art expression vector Wto appropnate h(»t oeUs.A^^^ 
peptide such as adreriomedulilri/its precureor protein, proAM-N2b. its fiagmeril and proAM-N(10-20) can be 
Obtained by culfuHrig the trahsformant under appropriate conditions. „ , , 

A C-termina! amidated peptide is prepared by one of the following. Acarboxyl group at the C-termmus of 
a peptide obtained by an expression in a host is chemically amidated; or a peptide is first preparwJ so as to 
have Gly attached to the C-termlnus of the desired peptide, and is then allowed to react with the above- 
mentioned C-tenmlnal amidating enzyme for amWation. ^ . 

The above-mentioned peptides, such as adrenomedullin. can be chemically synthesized by a method 
known in the art. For example, they can be synthesized by the solid phase method by using a peptide syn- 
thesizer. The C-terminal amidated peptide can be syndiesized by using a peptide synthesizer as foHows. First, 
an amino acid corresponding to a C-terminal amino acW is bound to a benzhydryl amine ^esin. Then, a con- 
densation reaction Is performed by binding to the N-tenminus of the bound amino acid under standard con- 
densation conditions using DCC/HOBt. This condensation reaction is repeated so as to obtain the desired amn 
no acid sequence. The desired peptide is cutoutfrom the resultant peptide resin by ageneral cleavage method 
(trifluoromethanesulfonic acid method). „ri,t»«^Hant 
Adisulflde bond can be linked, for example, by oxidizing the peptide with air or another appropnate oxKJant. 
The disulfide bond can be substituted with a -CH^-CHr bond by a known method (O. Keller et a'- Jelv. Ch nv 
Acta (1974) 57:1253). Generally, cleavage in the disulfide bond can be avoided by substituting the disulfide 
so bond with a -CH2-CH2- bond resulting in obtaining a stable protein. 

(5) Labeling of adrenomedunin. its precursor protein. proAM-N20. its fragment for preparing an antibody, 
and prQAM-N(1 0-20): 



30 



35 



40 



4S 



SS 



The adrenomedullin. its precursor protein. proAM-N20. its fragment for preparing an antibody, and proAM- 
N(10-20) can be labeled with a radioactive isotope, an enzyme, a fluorescent material, or the like. These lao- 
elings can be conducted by methods known to those skilled in the art. 

Examples of the radi Jctive isotope to be used for labeling include 1^. 'H. la,. and tail, among which 
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^25! Is preferred. These radioactive isotopes can be labeled to the peptide by a chloramine T method, a perox- 
idase method, an lodogen method, a Bolton-Hunter method, or the like. 

Examples of the enzyme to be used for labeling include horseradish peroxidase, bovine mucosa alkaline 
phosphatase, and E. coirp-galactosidase. 

Examples of the fluorescent material to be used for labeling include f luorescamlne, fluorescein, f iuores- 
ceinisothiocyanate!, and fetramethylrhodamine isothiocyanate. 

The labeled peptide Is useful as a tracer or for an immunological assay described below. 

(6) Immunological assay for adrenomedullfn, its fragment, and proAM-N20: 

The immunological assay in the present invention can be used for quaritif ying an aiitigeh in a samjile. Ex- 
amples of the immunological assay include a method in which an antigen labeled with a radioactive isotope 
an enzyifhe, or a f luprescem material aiad an uriliabeled antigen are competitively readted with ah antibody An 
immunoassay with two ahfllwlies and a sandwich techniques can also be used: In the immunoassay with two 
antibodies, an antigen is in*nobillzed on a solid phase such as a microplate or a plastic cup. incubated with a 
diluted antiserum or a purified antibody, and further incubated with an aritiimmuhoglobuliri labeled with a ra- 
dioactive isotope, an enzyme, or a fluorescent material, thereby obtaining a labeled binding substan^ In the 
sandwich technique, an antibody Is Irnriiobillz^d on a solid phase, incubated with ah antigen, and further in- 
cubated with an antibody labeled with a radioactive isbtope^^ or a fluorescent material, thereby ob- 
taining a labeled binding substance. Examples of the radioactive Isotope to be used for labeling include 
^H, i25|, and i3i| among which ^ is preferred. The enzyme to be usedfbr labeling is preferably horseradish 
peroxidase, bovine mucosa alkaline phosphatase, and E, coll p-galactosldase. Among them, horseradish per- 
oxidase rs preferably used. Examples of the fluor^nt material to be used for labeling include f luorascein^- 
sothlocyanate and tetramethylrhodamine isothiocyanate. However, the radioactive isotope, the enzyme and 
the fluorescent material are not limited to those described herein. 

Specif Icafly, a peptide such as adrenomeduliin. proAM-fsi20. or its fragment is used as an Immunogen 
Such as immunogen Inciudss: a peptide comprising an amino acid sequence, for example, from Gin in the 3 
position to Arg in the 12 posltfon. from Tyr in the 1 position to Arg in the 12 position, from lie in the 47 position 
to Tyr in the 52 position* from Sef in the 45 position to Tyr in the 52 position, or from Ash in the 40 position to 
Tyr in the 52 positiori of SEQ ID No. 1 ; a peptide which includes any of the above-mentioned amino acid se- 
quences and can generate ah antibody for recognizing adrenbmedullih; a peptide comprising an amino acid 
sequence from Trp iri the -61 position to Arg in the -64 position or from P»he in the -65 position to Arg In the - 
54 position of SEQ ID No. 1; a peptide which Indudes any of these amino acid sequences and can generate 
an antibody for recognizing prQAM-N20; and any of these peptides combined with bovine thyroglobulin and 
the like. By using such an immunogen, an animal such as a mouse, a rat. a rabbit, a fowl, and a goat is im- 
munized to prepare an antibody derived from the serum of the animal. Alternatively, a cell from the spleen of 
the animal is fused with a cell such as a myeloma cell to produce a hybridoma, from which a monoclonal an- 
tibody is produced. 

Next, a known concentration of an unlabeled antigen and a polyclonal or monoclonal antibody derived from 
the serum are added to a predetermined amount of a labeled peptide including the same kind of antigen as 
that used in the immunization, thereby causing an antigen-antibody competitive reaction. The labeled antigen 
bound to the antibody is separated from the labeled antigen not bound to the antibody by an appropriate meth- 
od. The radioactivity or the enzyme activity of the labeled antigen bound to the antibody is then measured. 
This procedure is repeated with various concentrations of the unlabeled antigen. As the concentration of the 
unlabeled antigen is increased, the amount of the labeled antigen bound to the antibody is decreased. The 
relationship between them is plotted into a graph to obtain a standard curve. 

Then, a sample including an unknown concentration of the antigen is added to the above-mentioned re- 
action system instead of the unlabeled antigen In a known concentration. After the competitive reaction, the 
radioactivity, the enzyme activity or the fluorescence intensity of the antigen bound to the antibody is meas- 
ured. The result of the measurement is applied to the standard curve to determine the concentration of the 
antigen in the sample. 

When the sandwich techniques is used, two kinds of antibodies against different epitopes of adrenome- 
duliin aref irst prepared. One antibody is labeled with a radioactive isotope, an enzyme, or a fluorescent material 
and the other antibody Is allowed to bind to a solid phase as a solid phase antibody or is made to be able to 
specifically bind to a solid phase. These antibodies are allowed to react with antigens in various concentrations 
to fonn a plurality of antigen-antibody complexes. Since the antigen-antibody complexes are bound to solid 
phases, the solid phases are separated from the complexes, and the radio-activity, the enzyme activity or the 
fluorescence intensity in the solid phases Is measured. The relationship between the radioactivity the enzyme 
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activity or the fluorescence lntensity and the concentration of the antigen is plotted to obtain a standard curve. 

When a sample Including an unknown concentration of antigen is added to the reaction system, the con- 
centration of the antigen can be determined by applying the radioactivity or the enzyme activity measured after 
the reaction to the standard curve. 
5 The iantfbody used In the assay In the present Invention can be an antibody fragment used in a [general 

immunological assay 'such as a Tab and a Fab'. 

(7) Conf inmation of the ieffect df prdAM-N20 dri catecholamine secretion: 

io The effect clf proAM-N26 of the present ifiveritidn on the secfetidh of catechoiamihe can be eonf irrtied as 

fellows. PrbAM-M20 is added to cultured bovine adrenal medulla c^lls for incubation, the reslilfent is subjected 
to HPLC tb measure the amount of catecholamine secreted therelh/the sarne procedure is repeated with jre- 
gard to a control iridudlhg no proAM-N20. When the obtained results are compared, the effect of proAM-lsr20 
can beconfinnijed. 

is 

(d) Corifrrmatioh pf the effect of prbAM-N{iO-20) oh Na channel: 

The effect of prQAM-N(tO-20) of the pr^ent invention on the Na channel <:^n be confirmed as follows. 
After treating cultured bovine adrenal rtiedulla cells with pi'oAM-N(10-20), the cells are stimulated with carba- 
20 Choi and the flow of ^Na into the cells Is measured with HPLC. The same procedure is repeated with regard 
to ceirs which have not been treated with proAM-N(ia;20), When the obtained results are compared, the effect 
of proAM-N(1 0-20) can be confirmed. 

(9) Usage and administration of adrenomedultin, its precursor protein, proAM-N20 and proAM-N{10-20): 

25 

AdrenomeduHin and its precursor protein of the present Invention have a hypotensive effect and:a vaso- 
dilating effect, ahd thierefore. they are useful In the ireaitment of a disease such as hypertension and cardiac 
ihcompetence. 

ProAM-|sj20 of the present invention has a catecholamiine seCT^^ inhibitory effect and lheretere, it is 
30 useful as a catecholamine inhibitor for this treatnfient of hypertension and the 11 ke. 

ProAM-N(i6-2b) of the present Invention has ai Na channel Inhibitory effect, and therefore, it is useful as 
a Na charinei iHhfbitdr for the treatment of hypertension and the like. 

Adrehorheduifihi its precursor protein, pix)AM-N20 and proAM-N(1 0-20) of the present irivenfibh can be 
administered In the sartie niianner as used for a conventional peptide preparation described in Remington's 
35 Pharmaceutical Sciences, Mack Publishing, Eston, Pa. These peptides can be administered preferably by an 
injection, and more preferably by an intravenous injection. The dose level of adrenomedullin is approximately 
0.1 nmol to 3.0 nmol per 1 kg of a patient 

Adrenomedullin, its precursor protein, proAM-N20 and proAiy/l-N(1 0-20) of the present invention can be 
used as medicaments for an intravenous injection or drops for easing the load on the heart in order to improve 
40 cardiac incompetence and the like especially in the acute phase of cardiac infarction. 

The peptides in which Gly is attached to the C-temnini of adrenomedullin, its precursor protein, proAM- 
N20 and proAM-N(1 0-20) can be directly administered since the carboxyl group at the C-tenmini of these pep- 
tides is amidated in an organism due to the function of a C-terminal amidating enzyme in the organism on Gly 
as mentioned above. 

45 

Examples: 

The present invention will now be described by way of examples. 

50 [Example 1] 

(Purification of adrenomedullin from human PC) 

Adrenomedullin was purified from human PC tissues resected at surgery from a norepinephrine dominant 
55 PC patient in the same manner as described by Kitamura et aL, Biochem. Biophys. Res. Commun., 1 85, 134- 
141 (1992). 

The purification was specifically performed as follows. The resected PC tissues were finely chopped, and 
boiled in a 4-fold volume of 1 M acetic acid for 10 minutes, thereby inactivating the intrinsic protease. The re- 
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sultant was cooled and homogenized with a polytron mixer at a temperature of 4®C; The homogenized sus- 
pension was centrifuged at 20,000 x g for 30 minutes to provide asupernatant. The supernatant was subjected 
to acetone-sedimentation at a concentration of 66%. After removing the sediment, the remaining supernatant 
was condensed with a rotary evaporator. The resultant was diluted with water Into a double volume and applied 

5 upon a C-t8 silica :gel column (270 ml, dhemco LS-SORB ODS). TTie materials adsorbed on the column were 
oluted with 60% CH3CN containing 0.1% trifluoroacetrc add (TFA). The eluate was evaporated and applied 
upon a SP-SeiphadexC-25 column (HMorm, 2x15 cm, Pharmacia) which had been equilibrated with 1 Macetic 
acid. Successive elutions with 1 M acetic acid, 2 M pyridine and 2 M pyridine - acetic acid (pH 5.0) result in 
three fractions designated as SP-I, SP-ll and SP-IlL 

i0 The SP-III ffaction haVlrig more ttian 90% platelet cAMP dievatldn activity was separated by gel filtration 

on a Sephadex G^SO colurhh. The aictivity assay was identical to the abbve-nriehtidned method described by 
Kitamuia et al. Specifically^ 25 ^1 of a sainple dissolved in a suspension medium containing 135 mM NaGI, 2 
hiiM EDTA, 5 mM glucose, 10 rtiM theophylline and 15 rriU HEPES {pH 7.5) was incubated at a temperature 
of 37*»C for Id rtiinutes. then. 25 jil of washed rat platelets (4.0 xlO®) was added thereto to initiate the reiactidh, 

15 arid the rhixlure was Incijbated for 30 rhiriutes. To the.resultant, 1 50 mM HCI was f lirtheradded, arid the mixture 
was heated for 3 minutes to stop the reactidri. The resultant sample was concentrated with a speedvac con- 
centrator and dissolved in 100 nl of a 50 mM sodium aicetate buffer (pH 6.2). Cyclic AlVIP in the obtained solution 
was suceinyiated for analysis by cAMP RIA. 

The fraction having the platelet cAMP elevatldn acth^ity with a molecular weight of 4.000 to 6,000 wais f ur- 
20 thersepan^ed by the CM ion exchange HPLG on a TSK CM-2SW column {8.Q x 300 mm, Tosoh). Adrenome- 
duliin was finally purified by reverse phase HPLC on a phenyl column (4:6 x 250 mm, Vydac) and a jiBonda- 
sphere G-1 8 column (4.6 x 1 50 mm. 300A, Waters). 

(Structural analysis of adrenomedullin) 

is 

Two hundred pmol of purif ied adrenomedullin was reduced and S-carboxymethylated (RCM) by a method 
described by Kangawa et al., Biochem. Biophys. Res. Commun. 1 1 8, 131-139 (1 984). The obtained RCM-adre- 
nomedullih wais purified by reverse phase H PLC. Half of the purified ftCM-adr^riomdduilih (1 00 pnibl) was sub- 
jected to a gas: phase sequencer (Model, 470A/1 2dA, Applied BiosystemS). The rernaining half of the purifTed 

30 RGM-adrenomedullin was digested with 400 hg of arginylehdo- peptidase (Takara Shuzd. Kyoto. Japan) in 50 
pj of 50 riiM Trts-HCI (pH 8.0) containing 0.01% Triton-X 100 at a temperature of 37°C fdr 3 hours, thereby 
producinig peptide fragments REi to RE6. These peptide fragmerits RE1 to RE6 were sepairated f irom one 
anotheir by the reverse phase HPLC oh a serhi-micro column of Chenrkjosdrt) 3 ODS H (2.1 x 75 nnini, Ghemdo. 
OsakBi Japan), arid each of the obtained fragments was sequenced with a gas phase sequencer (Model 

35 470A/120A, Applied Biosystems) to detemnine the entire amino acid sequence of adrenomedullin as shown in 
Figure 1. Adrenomedullin consisted of 52 amino acids and had an intramolecular disulfide bond. Tyr at the C- 
terminus was found to be amidated because native adrenomedullin [45-52] (i.e., the fragment RE6) was eluted 
at the same position as synthetic adrenomedullin [45-52]NH2 by reverse phase HPLC. In this manner, the struc- 
ture of adrenomedullin was demonstrated by chromatographic comparison between native adrenomedullin and 

^ synthetic adrenomedullin prepared so as to conrespond to the determined sequence of native adrenomedullin. 

A computer search (PRF-SEQDB. Protein Research Foundation. Osaka. Japan) found no report on the 
same peptide sequence. Therefore, adrenomedullin was confirmed to be a novel peptide having a biological 
activity. The sequence homology of adrenomedullin to human CGRP (Morris et al.. Nature, 308, 746-748 
(1984)), CGRP M (Steenbergh et al.. FEBS Lett., 183, 403-407 (1985)) and amylin (Cooper et al.. Proc. Natl. 

45 Acad. Sd. U.S.A., 84, 8628-8632 (1987)) was as low as approximately 20% as shown in Figure 2, although 
the six residue ring structure with an intracellular disulfide bond and the C-terminal amidated structure are 
common to them all. The 14 residue amino terminal extension present in adrenomedullin does not exist in CGRP 
and amylin. 

so [Example 2] 

(Hypotensive effect of adrenomedullin) 

The hypotensive effect of adrenomedullin was tested by the same method as reported with regard to rat 
55 brain natriuretic polypeptide (Kita et al.. Eur. J. PhanmacoK, 202, 73-79 (1991)). Male Wrstar rats (two weeks 
old, 300 g) were anesthetized by an intraperitoneal injection of pentobarbital sodium (50 mg/kg). The blood 
pressure of each rat was continuously monitored through a right caroW artery catheter (PE-50) connected to 
a Statham pressure transducer (Model P231D, Gould). A PE-10 catheter was Inserted into the right jugular 
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vein :in order to administer a maintenance solution and a peptide. After equilibration for at least 60 minutes^ 
either CGRP or adrenomedullin was intravenously injected to each rat. Figures 3Athrough 3D show the vari- 
ation in the blood pressure of the rat monitored at the time of the injiection of CGRP or adrenomedullin. Figures 
3A, 3B and 3C indicate the variation caused by the injection of 0.3 nmol/kg, 1 .0 nmol/kg and 3.0 nmol/kg of 
5 adrenomedullin, respectively, and Flgure:3D Indicates the variation caused by the injection of 3.0 nmol/kg of 
CGRP- The injected adrenomeduflin was a peptide consisting of the amino adds 1-52 of SEQ ID No. 1 . the 'C- 
terminus of which was amidated. 

A single intravenous injection of adrenomedullin caused a fast, potent and long liastihg hypotensive eff«}t 
in a dose dependent manner. When 3:0 nmol/kg of adrenomedullin was intravenously injected, the maximal 
10 decreiase In the miean blood pressure was 53 ± 5:0 nimHg <i;e., a mean i SiBM.. h=4). SucHa significant hy- 
potensive effect lasted for 30 to 60 rhinutes. As is apparent from Figures 3G and 30, the hypotehsive activity 
of adrenomedunin ras comparable to that of CGRP, which has been reported as one of the strongest vasor- 
eiaxahts> Accordingly, adnenbmedullin was confirmed to hiave an effectively long lasting hypotehsive effect 

Next, adrehbrnedullin consisting of the amirio acids 13-52 of SEQ ID No. 1 and having the iamidated C- 
is terminus was adrnin^tered to check the yariatk>h in the blood pressure of the rats^ 

the peptide [13-521NH2 was syhtheslzed with a peptide syhthesizeir (Applied Biosystems, 430A) as fol- 
\Gws. First, ah amino acid cdrrespondlhg to a C-tenminal amino acid, i.e., Tyr in the 52 position, wias bound to 
a benzhydryl amine resin. Then, a condensation reaction was perforimed by binding to the N-terminus of the 
bound amino acid (i.e., Tyr} under standiard condensation conditions using DCG/HOBt. This condensation re- 
20 action was repeated so as to obtain the desired amino acid sequence. The desired peptide was cut out of the 
obtained peptide resin by the general deavage method {tnfluoromethanesulfonic acid method), oxidized with 
air or an appropriate oxidant such as potassium ferricyanide and iodine to form a disulfide bond therein, if nec- 
essary, and purified by reverse phase HPLC. 

When the obtained peptide I13-52]NH2 was administered in the same manneras above, it exhibited a corn- 
is parable hypotensive eflect 

(Check of heart rate upon administration of adrenomedullin) 

Male Wistar riats each weighing 330 to 390 g were purchased from Charles River Inc. Eadh of 'ttie rats 
30 was ahiesthetized by an intraperitoneal injectlbh of pentobarbital sodium (50 mg/kg). A polyethylene catheter 
(PE^250) was inserted into the trachea so as to aid breathing. Mean blood pressure (MBP) aiid heart rate (HR) 
were nionitored through a right fermora^ 

(Model P23iO, Goiik|) and a polygraph (Model 141-6, San-Er). A PE-lb catheter was inserted into the right 
atriuhi through the right jugular vein. Athenmosensor was placed in the ascending aorta through the right car- 
35 otid artery. Under these conditions, cardiac output was measured by the thenmodilution method (Model 600, 
Cardiotherm). During the measurement, the rat was placed on a heat table so as to maintain the arterial tenrv 
perature at 36 to ZJ^C. 

Each rat was allowed to equilibrate for 45 minutes after the surgery. Then, human adrenomedullin (1.0 
nmol/kg) dissolved in saline (n=8) or the same amount of isotonic saline (n=8) was intravenously injected to 
40 each rat In the previously performed preliminary test, the vasodepressor response caused by this amount of 
adrenomedullin was approximately half of the maximal efficacy. The cardiac output was measured 15 minutes 
before, at the time of, and 2, 5, 10 and 30 minutes after the administration. 

A cardiac index (CI), a stroke volume index (SVI) and a total peripheral resistance index (TPRI) were cal- 
culated by the following formulae: 
45 CI (ml/min. per 100 g of body weight) = cardiac output/100 g of body weight 

SVI (iiUbeat per 1 00 g of body weight) = CI/HR 
TPRI (u-1 00 g of body weight) = MBP/CI 
The human adrenomedullin and peptide used in the above were synthesized by the solid phase method, 
and its homology was confirmed by reverse phase HPLC. 
so Figure 4 indicates the change with dme of MBP, HR, CI, SVI and TPRJ when human adrenomedullin dis- 

sohfed in saline (shown with closed circle) and saline alone (shown with open circle) were administered to the 
respective rats. Each value is indicated as a mean ± S.E.M. 

As shown in Rgure 4, MBP was signifk:antly decreased 2, 5 and 10 minutes after the administration of 
human adrenomedullin, and returned to the initial level after 30 minutes. TPRI was significantly decreased 
55 also 2, 5 and 10 minutes after the administration with a decrease in MBP. To the contrary, CI and SVi were 
increased. HR was slightly decreased 2 minutes after the administration, but did not change significantly. With 
regard to the rats injected with saline, CI, SVI, TPRI, MBP and HR remained unchanged. 
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[Example 3] 

(RIA utilizing adrenoinedullin and its fragment) 

5 (A) RIA utilizing an antibody against a peptide fragment comprising the N-terminal amino acid sequence 

of adrenomedullin: 

A peptide [1 -12] and a peptide [3-12] were synthesized by the solid phase method with a peptide synthes- 
izer (Applied Biosyslems, 430A) and purified by reverse phase HPLG. 

Ten mg of the peptide [l-^l^] and 20 mg of bovine thyroglobulih were allowed to conjugate to each other 
w in 2 ml of 0.1 M sodium phosphate buffer <pH 7.4) by glutaraldiBhyde (Miyata et aL, Biochem. Biophys. Res. 
Gditimun., 120, 1030-1036 (1984)). The obtained reaction mixture was dialyzed against 50 mM sodiuni phos- 
phate buffer (pH 7.4}/b.08 M NaCI, arid the resiiitaht was used for ihnrhunizatlbh as described in the above- 
mentioned paper by Miyata et al. The immunizatioh was performed by using New Zealand white rabbits. The 
antiseruni obtained fn>n1 the immunized aninnals was used in the following RIA. 
is RIA for the peptides [i- 12] and [3-12] wer^e conducted in the sanie rnaiiner as repoirted with regaird Id 
neo-endorphin (Kiniura et aL, Biochem. Biophys. Res. Conimuh., 109, 966-974 (1982)); 

Specif icaliy. 100 jil of the peptide (1 -12J or {3^12] in a known concentration, 50 ^1 of the antiserum bbtairred 
as above at k dilution of 1:6,000, and 50 ^i of ^^l-iabeled ligand (18,000 cpm), which had been prepared by 
the laGtoperoxidase method (Kitamura et aL^ Biochem. Biophys. Res; Gommun., 161, 348-352 (1989)). were 
20 nibced to obtain an RIAreaction mixture. The mlxture was incubated for 24 hours. Then, the labeled ligand which 
was bound to the antiserum (hereinafter referred to as the "bound ligand") was separated from the labeled 
ligand which was not bound to the antiserum (hereinafter referred to as the ^jnbound ligand") by the polyethy- 
lene glycol method. Theradioactrvity of the obtained pellet was counted with a gamma counter (ARC-60O, AlOh 
lea), and the assay was performed in duplicate at a tem perature of 4''C. By repeating the above procedure with 
is regard tc^various concentrations of each peptide, a standard curve was obtained. The standard curves for the 
peptide [1-12] and the peptide [3-12] were identical to each other. Half maximal inhibition of radioiodinated lig- 
and binding by the peptide [1-12] or [3-12] vvas observed at i O fmol/tube. 

Next, a sample solution including an unknown concentration of adrenomedullin was trypsinized in 100 ^l 
of 0.1 M NH4HCO3 containing 20 iig of bovine serum albumin (BSA) with 1 fig of trypsin (Worthington). A re- 
do adtidh rtibcture consisting of 100 p,l of the resultant sample soiufion, 50 ^1 of the antiserum at a dNution of 
1 :6,0b0, and 50 jxl of i25|^|at,ejed liigand (1 8,000 cpm), which had been prepared by the lactoperbxidase method 
(Kitamura et al., Biochem. Bibpli^s> Res. Commun., 1 61 , 348-352 (1989)), was incubated for 24 hours, then, 
the bound ligand was separated from the unbound ligand by the polyethylene glycol method. The radioactivity 
of the obtained pellet was counted with the gamma counter (ARC-600, Aloka), and the assay was performed 
35 in duplksate at a temperature of 4^C. 

Through the above-described RIA. the antiserum was found to recognize a peptide, which was a fragment 
of adrenomedullin produced by digestion with trypsin. Therefore, the peptides [1-12] and [3-12] were found to 
be useful in the production of an antibody against adrenomedullin. 

(B) RIA utilizing an antibody against a peptide fragment comprising the C-terminal amino acid sequence 
40 of adrenomedullin: 

Peptide [1-52]NH2, [13-52]NH2. [40-52]NH2, [45-52]NH2 and [45-52], [47-52]NH2 and [47-52], and [1-12] 
were synthesized by the solid phase method with a peptide synthesizer (Applied Biosystems, 430A) and puri- 
fied by reverse phase HPLC. The C-tenminal amidated peptides among the above were synthesized with a 
peptide synthesizer as follows. First, an amino ackl corresponding to a C-terminal amino acid, i.e., Tyr in the 

45 52 position, was bound to a benzhydryl amine resin. Then, a condensation reaction was performed by binding 
to the N-terminus of the bound amino acid (i.e., Tyr) under standard condensation conditions using DCC/HOBt, 
This condensation reaction was repeated so as to obtain the desired amino acid sequences. The desired pep- 
tides were respectively cut out of the obtained peptide resins by the general cleavage method (trif luorome- 
thanesuifonic acid method). 

so A disulfide bond was formed as described above. 

A mixture of 9.3 mg of the peptide [40-52]NH2 and 10.3 mg of bovine thyroglobulin was dissolved in 0.5 
ml of a saline. To the resultant solution was added 50 mg each of water soluble carbodiimide five times every 
two hours while stirring at room temperature. The resultant mixture was continuously stirred at a temperature 
of 4X overnight. Then, the mixture was dialyzed fh^e times against 500 ml of a saline and twice against 500 

ss ml of a sodium phosphate buffer. The obtained dialysate was adjusted to a final volume of 11 ml by adding a 
sodium phosphate buffer to provide an antigenic conjugate solution. 

The antigenic conjugate solution (1.5 to 3 ml) was emulsified with an equal volume of complete Freund's 
adjuvant A New Zealand white rabbit was immunized with the emulsified solution, and the antiserum obtained 
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from the immunized animal was used in the following RIA. 

RlAfbrthe peptides [1-52]NH2, [40-52]NH2, H5-52]NH2. [45-52], t47-52]NH2. [47-52], [1-12]. and GGRP, 

CGRP-II and amylln were conducted in the same manner as reported with regard to p-neo-endorphin by Klta- 

mura et aL, Biochem. Biophys. Res. Commun., 109. 966-974 (1982). 
5 Specifically, a reaction mixture consisting of IOC) ^1 of one of &ie peptides In a known concentration. 50 

jj of the antiserum obtained In the above-mentioned manner at a dilution of 1 :180,000, and 50 jil of i25|.|abeled 

ligand (18,000 cpm) prepared by the BoltorvHunter method (A. E. Bolton and W. M. Hunter, Biochemical J. 

(1973) 133. 529-53i9) was incubated for 24 hours. Then, the bound ligand was separated from the unbound 

ligand by the (xjlyethylene glycd method. The radioactivity of ttie obtained pellet was counted with aigamma 
10 counter (ARe-6d0i Aldka)* aiid ttie assay was performed in duplicate at a temperature of 4*^6. 

A standard curve was plotted from the results. Half maximal inhibitibri of radibiodinated ligand binding to 

the peptides [i3-52]NH2, [40-52]NH2, [45-52] NH2 and [47-52]NH2 by the peptide [1-52]NH2 was observed at 

11 frnol/tube. 

The results of the abbve-mentioned RIA revealed that the antiseriini had a reactivity against the pep- 
15 tide(40-52]NH2 which is ah antigen, a crossreactivity agaiiist the peptides [1-52]Nhb. [45-52]NH2 and [47- 
S2]m2 arid no crossreactivity ajgajrist the peptides [45-52], [47-52] arid [1^12], CiSRP, CGRP-:il and amyiin; 

(Distribution of adrenbrfiedullin In eiach tl^ue) 

20 From a human PC, an adrenal medulla, a lung, a iddney, a brain cortex, an Intestine and a ventricle. 1.0 
g of tissues were respectively taken out, and boiled m a 5-fold volume of water for 1 0 minutes to inactivate 
intrinsic protease. After cooling, glacial acetic acid was added to each so as to make the resultant mbcture 1 
M. The mixture was honwgenized with a polytron mixer at a temperature of 4*G, Then, the mixture was cen- 
trifuged at 24,000 x g for 30 minutesi, and the supernatant of the thus obtained extract was applied upon a 

i5 Sep-Pak C-i8 cartridge bblumn (Waters), which had been prevlousiy equilibrated with a 1 M acetic acid. The 
materials adsorbed on the column were eluted with 3 ml of 60% acetonitrile containing 0.1% TFA. Adrenome- 
dullin in the resultant solution was analyzed biy reverse phase HPLC on a TSK ODS 12dA column (4.6 x 150 
mm, Tosoh) tindier the conditions described by Ibhiki et al., Biochem. Biophys. Res. Cbmmun. 187, 1687-1593 
(1992). 

30 The jJiresence of adreriomeduilln in each cif the abbve-meritibhed hunrian tissues was checked by RIA ac- 
companied with identification of the peptide by reverse phase HPLC. The results are shown in Table 1 below. 

Table 1: 

35 

Imraunoreactive adrenomedullln 
Tissue (fmol/mg wet tissue) 



40 



45 



PC 

Adrenal medulla 

Lung 

Kidney 

Brain cortex 

Intestine 
Ventricle 



1,900 
150 
1 , 
0. 



± 

2 ± 
15 ± 

< 0.1 

< 0.1 

< 0.1 



450 
24 
0.16 
0.012 



so 



55 



As shown in Table 1, human PC was found to include abundant adrenomedullin in an amount of 1,900 ± 
450 fmol/mg wet tissue. Adrenomedullin was present in a normal adrenal medulla in a large amount of 150 ± 
24 fmol/nrig wet tissue. The concentration of adrenomedullin In a lung or a kidney was less than 1 % of that in 
a nonmal adrenal medulla. However, the total amount of adrenomedullin in the lung and the kidney was larger 
than the amount in an adrenal medulla. Although CGRP. which works as a neuropeptide, exists in brain and 
peripheral nerves, adrenomedullln was not detected in the brain. Further, the previously performed preliminary 
experiment showed that adrenomedullin existed in healthy human plasma at a considerable concentration (19 
± 5.4 fmol/ml, n=4). Therefore, adrenomedullin generated in peripheral tissues, the adrenal medulla, the lung 
and the kidney works as a circulating hormone participating in blood pressure control. Further, enhanced pro- 
duction of adrenomedullin in hunsn PC is considered relevant to various symptoms in PC patients such as 
orthostatic hypotension. 
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[Example 4] 

(Purification and structural analysis of adrenatnedulirn from the porcine adrenal medulla) 
s (A) Purification of adrenomediillln from the pora'ne adrenal medulla: 

Porcine adrenomedullin was purified from the porcine adrenal medulla by the same purification method 
as that used for human adrenomedullin in Exiample 1. 

Specifically, the ponifne adrenal medulia was finely chopped, boiled in a 1 0-fold volume of 1 M acetic acid 
» for 10 minutes to Inactivate intrinsic pitsfease. The resultant mixture was cooled, and homogenized with a pdly- 
tron mixer at a temperature of 4''C. The Cbtained suspension was cehtrifuged at 22.000 x g for 30 minutes 
The supernatant of the thus obtained extract was applied upon a Sep-Pak C>-1 8 cartridge column (20 ihl Wa- 
ters). The materials adsorbed on the column were eluted Vrtth 60% CH^GN cdhtsiining 0.1% TFA. TTie obtained 
eluate was evaporated. The resultant sdhflion Y«s used asa crude 
IS ducted as fn Example 3. As described in Example 3, this R|A has been establi^ed as an RIA system utilizing 
a pieptide 11-12] derived from human adrehomedullin. 

The crude peptide extract was separated by gel filtration chromatography {SephadexG-50 Fine 3 x 15Q 
cm). One major immunoreactlve (ii^-adrenomedullin was obeerved In the molecular weight of 5,000 to 6 000 
The peptides in this fraction were further separated by CM idn exchange HPLC on a TSK CM-2SW column 
(8.0 X 300 mm. Tosoh). One major immunoreactive adrenomedullin was observed at the same position as that 
of human adrenomedullin. This fraction was finally purified by reverse phase HPLG on a phenyl column (4 6 
X 250 mm. Vydac). Theelutlon profiles of the absorbance at21 0 nmand Ir-adrenomedullin were fn exact agree- 
ment with those of human adrenonnedullin. 



20 



is {B) Structural analysis of porcine adrenomedulli 



'0 



in: 



Ahundred pmol of the porcine adrenomeduilln obtained in Item (A) was reduced and S^arboj^ethylated 
(RCM) by the method descHbed by Kangawa et a!.. Biochem. Blophys. Res. Commun., 118. 131^139 (1984) 
The obtained ReM-adrenonnedullin was purified by reverse phase HPLC. The purified RtCM-adrenomedullin 
was subjected to a gas phase sequencer (Model. 470A/i20A. Applied Biosystems). and the amino aCid se- 
quence was determined up to the 37th residue. Se parately, 100 pmol of porcine adrenomedulltn was digested 
in 0.1 M NH4HCO3 containing 0.01% Triton at a temperature of 37'G with 500 rig of trypsin or chymotrypsin 
thereby producing two peptide fragments. Each of the pei^e fragments was separated by reverse r>hase 
HPLG on a Chemcosorb 3 ODS H semi-micro column (2. 1 x 75 mm, Chemco. Osaka, Japan). Each fragment 
was sequenced by using a gas phase sequencer (Model 470A/1 20A. Applied Biosystems). thereby determining 
the entire ammo acid sequence of porcine adrenomedullin. Porcine adrenomedullin consisted of 52 amino acids 
and had an intramolecular disulfide bond. Tyr at the C-termlnus was amidated. 

The amino acid sequence of porcine adrenomedullin was identical Id that of human adrenomedullin except 
that asparagine in the 40 position of human adrenomeduHIn was replaced with glycine In porcine adrenome- 
' dullin. 

(Cloning of porcine adrenomedullin cDNA) 
(A) Synthesis of a primer 

Based on the amino acid sequence of porcine adrenomedullin obtained In the above-mentioned manner 
.l^^f''^^"'®^ synthesized. By the polymerase chain reactfon (PCR) (Saiki. R. K. et a!.. Science. 239* 

487-494 (1988)) by using the oligonter as a primer, a probe for screening of a cDNA library described below 

was produced. 

The DNAoligomerto be used in PCR was designed and produced as follows. Amixed DNA oligomer cov- 
ering the entire DNA sequences which can encode a certain region in a determined amino acid sequence can 
be designed by using various codons each corresponding to an amino acid residue. Practically, codons pref- 
erentially used in mammals were mainly used to synthesize DNA oligomers I and II (shown respectively in SEQ 
ID Nos. 3 and 4), and a DNA oligomer III (shown In SEQ ID No. 5). on the basis of the determined amino acWs 
3-8 and 35-41. respectively. The DNA oligomer III was based on the base sequence of the complementary 
Cham of a gene encoding adrenomedullin. The DNA oligomers were chemically synthesized with a nucleic acid 
synthesizer (Pharmacia LKB Gene Assembler Plus. DNA Synthesizer) because they were short chain ollao- 
mers. ' 

14 
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(B) Preparation of a template sample for PGR: 

Since the results of the test for the presence of human adrenomedullin in each human tissue indicated 
that abundant adrenomeduliin existed in the adrenal medulla, an adrenal medulla was considered suitable as 
5 a material for gene donlng. 

RNA was extracted f rom d porcine adrenal mddulla by the guanidlne thicoyranate method (Chomczynski, 
P. el al., Anal. Biochem., 162, 156-159 (1987)). Poly(A) "^NA was isolated on an ongo(dT)-ceriulose column 
(Pharmada). Double-stranded cDNA was produced from 5 ^g of porcine adrenal medulla poly(A)^RNA by the 
Gubler and Hoffrnan method. The double-stranded cDNA was ligated to ah EcoRt adaptor, and size- 
f4) ifhactibniated on a Sephadryi 3-300 oblumri to dbtaih'a f ractidh which was expected to contsiih the desired adre- 
nomediiliin. The dbtaihisd fraction was placed in X gti 0 arrns (Bethesda Reseiafch Laboratory) so as to be pack- 
iaged in vitro, thereby producing a dDNA library. 

(C) Ampnfication and iscilation of porcine adrenomeduliih cDMA by PGR: 

15 

By using a cornbination of the DMA oligonriers I and 111 br a combination of the DNA oligbmers II and III, 
which were obtained as desciibed in item (A), ah adrenoniedullln cDNA f ragrnent was amplified from the cDNA 
library obtained in Item (B). In this PGR, AmpliTaq DMA polyrhierase available from Perkin Elmer Get us, U.SA., 
was used as ah enzyme, and the compositibh of the used reaction solution wais in accor:dahce with their ih- 
20 -structlons. A thermal cycler (Perkin Elmer Getus) was used as an anriplifying device, and for amplrf ication^, a 
cyde of one minute at 94*'G and one minute at ST^'G was repeated 15 tinges and another cycle of 50 seconds 
at 94°G, 50 seconds at4d'^C and one minute at was repeated 15 times. 

The amplified cDNA'fragment was labeled by the random primed method, and was used to probe the por- 
cine adrenal medulla cDNA library by in situ plaque hybridization. 

25 

(D) Sequencing of pdrciniBiadrendmedulIin cDNA: 

A positive don€i obtained by the plaque hybrldbiation was plaque purified, and cDNA was taken out to pro- 
vkie a recombinant BlueScript plasirrfkl. Adone induding the longesicD^4A insert was used forsequendng. A 
30 restriction fragment generated from the cDNA insert by digesting with an appropriate restriction endohu^^ 

such as Smal, Nael iand Rsal was resubdoned ihtb BluieScript plasm id, and sequenced by the dyeprlitier cycle 
sequendhg method with ah automated DNA sequencer .(373A,.Appli Biosystems). 

the thus obtained ehbre sequence of the porcine adrenomeduliih cDNA Is shown in SEO ID No. 2 tdgeither 
with its amino :add sequence. 

35 

[Example 5] 

(Cloning of human adrenomedullin cDNA) 

40 Human adrenomedullin cDNA was cloned using the same method as used in Example 4 by using the por- 

cine adrenomedullin cDNA fragment obtained in item (G) of Example 4. 

(A) Preparation of the cDNA library: 

45 RNA was extracted from human PG by the guanidine thiocyanate method (Ghomczynski, P. et al., Anal. 

Biochem., 162. 156-159 (1987)). Poly(A)^RNA was isolated on an ollgo(dT)-cellulose column (Pharmacia). 
Double-stranded cDNAwas produced from the poly(A)^RNAby the Gubler and Hoffman method. The double- 
stranded cDIMA was ligated to an EcoRI adaptor, and size-fractionated on a Sephacryl S-300 column (Phar- 
macia) to obtain a fraction which was expected to contain the desired adrenomedullin. The obtained fraction 

50 was placed in X gtIO arms (Bethesda Research Laboratory) so as to be packaged in vitro, thereby producing 
a cDNA library. 

(B) Sequencing of human adrenomedullin cDNA: 

55 Human adrenomedullin cDNA was sequenced as follows. 

The cDNA library obtained as above was screened by hybridization by using, as a probe, the pordne adre- 
nomedullin cDNA fragment obtained in item (G) of Example 4. 

A positive done obtained by the plaque hybridization was purified, and cDNA was taken out to provide a 
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55 



AO 



TTt^'^t A '"°'"<«"g the longest cDNAinsertwas used for sequeocing. Amstrio 
^quendna IS T^t^^ '^subdoned into BlueScript plasmid. and sequenced by the dyeprimer cyde 

The thus obtained cDNA sequence Is shown In S6Q ID No. i togefterwith its amino addeequence. 
[ExampJeSJ 

fO (Struidijfal analysis of prdAM-N20) 

(Effect of prQAM-N20 oh catecholiamine secretion) 

wasr^?a?f ^ H^t!!'?^** 1.64 jigM X loe cells (n=^2) when proAM-M20 was and 

was 2. 56 i.g, 4 x 1oe cells ,n the control. In this manner, secretion of catecholamine was inhibited by ^ 

n^^S^^*^^!^ f preincubated In the same manner as above in 1 ml of a KRP buffer 

X 10 OMS wtwn a S mnute moubalton was performed by using proAM-N20 and 9 IS ■«.« x 1» oil. 

yrbt:dtiTnZLr^^^^ 

oy caroacnoi was inhibited by pretreatment with prQAM-N20. 
[Example 7] 

(RIA method utilizing prQAM-N20 and its fragment) 

at it,^rfJ!* K-73)-(-54)]NH2. a peptide N-Tyr-[(-73>-{-54)JNH, which is a peptide [(-73)-(-54)]NH, having Tyr 
slijSrr'fK ^ 'frt' a peptide [(-61^(.54)]NH,. and a pe^JlUa^e^m^X^e 

rraXSbTl^^erp^arHTc^^ 
othera^cfrSS^^^^^^^^ 

(X":,ro8ts ?h"; dT r ^ ^ °' ^ ^^"-^ tJi^^Cst^Tm^i'^f'^Li:: zzt:^z 

th!^Zlnf ^^^-^^.^^y^*^ «as emulsified with an equal vdume of complete Freund's adjuvant and 
mm3?H immunization of New Zealand white male rabbits. The Antiserum obtetneSTr^^e 

er™ d Smeth:?.^^^^^ ^ "^""''^ N-Tyr-t(-73H-54„NH. was .aSetdly'XT' 

peroxidase method (Kitamura et al., Biochem. Biophys. Res. Commun., 161. 348-352 (1989)) The i4-labeled 

stS3 Too J^r" "Jn"'''^ "^'"^ ^ ■^"'^ ^2°^ n-osoh to 1 Is a trict 

tion fn^m '^^'^ f(-73)-(-54)]NH2 in a known concentration or in an unknown concentra- 

tor, and 200 m of the antBerum obtained as above at a dilution of 1:66.500 were mbced to obtain aTRL^^S^ 

T^T^J^r"""^^ »^ °^ -l-labeled^Sd (?8?rcp^w^ar 

ed to the mucture. The resullant reaction mixtu«i was incubated for 24 hours. Then. lioTof al-LTbit |gS 
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goat serum was added to the mixture. The resultant mixture was incubated for another 24 hours and centrif- 
uged for 30 minutes at 2.000 xg. The radioactivity of the obtained pellet was counted with the gamma counter 
(AR:C-600, Aloka), and the assay was performed in duplicate at a temperature of 4°C. A standard curve was 
obtained from the values thus obtained. Half maximal inhibition of radioiodinated llgand binding by the.peptide 
5 [(-73)-^-54)]NH2 was observed at 10 fhfiol/tube. 

The results of the abdve-mehtioned RlA revealed that the antiserum had a reactivity against the peptide[(- 
r3)-(-54)]NH2 which is an antigen, a crossreactivity against the peptides [(-65H-^54)]NH2 and [(-6iH-54)]NH2 
and ho crossreactivity against the peptide i{-58)-(-54)]NH2. Thus, the peptides i(-73)-(-54)jNH2. [(-65H- 
54)]NH2.. iand [(-61)-(-54)ifslH2 werie found to be useful in the productfon of an antibody against proAM-N2d. 

TO 

(Distributidn of prdAM^N20 in eadi tissue) 

From ia human PC, an adrenal medulla, a 'heart (right atrium, left atrium, right ventricle, left verifricle), a 
lung. :a kidney, a pancreas, an intestine, :a liver, a spieeh, and a brain cortex, 1.0 g of tissues were respectlvj^y 

15 taken out, and boiled in a 5-fold voliihrie of water ifbr l O r™ intrinsllG prbtiBase. After cooling, 

glacial acetic acid was added to each so as to make the hBSultaht mixture i Mi The mixture wias homogenized 
with a;fX)lytron niixer at a teniperatuire of 4*^C. Then, the mixture was cehtrif uged at 24,000 x g for 30 rriinutes, 
and the superhatiahtbf the thus obtained extract was applied upon a Sep-Piak €-18 cartridge colurnn (Waters), 
which had been previously equilibrated with 1 aoetic acid. The miateriats adsorbed on the column^ere eluted 

20 with 4 ml of50% acetonitrile containing 0.1% TFA. Theimmunoreactivity of proAM-N20 in'the resultant solution 
was analyzed by gel filtration on a Sephadex G-50 column (Pharmarcia), reverse phase HPLG on a TSK ODS 
120A column (4.6 x 150 mm, Tosoh) or ion exchange HPLG on a TSK CM-2SW column. 

The presence of proAM-N12C]i In each of the above-menttioned human tissues was checked by RiA accom- 
panied with Identification of the peptide by reverse phase HPLC. The results are shown in Table 2 below. 



Table 2: 



30 



Regional distribution of ir-proAM-N20 in human tissue 



Region 



ir^proAM-N20 ( tmoi/iftg.) 



35 



40 



45 



Adrenal meauxxa 
Pheochromocytoma 
Heart right atrium 
left atrium 
right ventricle 
left ventricle 

Lung 

Kidney 

Pancreas 

Small intestine 

Liver 

Spleen 

Brain cortex 



13.8 
12.3 
5.72 
1. 11 



+ 7.y3 

± 9,82 
+ 1.11 
± 0.62 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 



All values are mean ± standard devtatk)n for three to four samples. 

As shown in Table 2, human adrenal medulla was found to include abundant prQAM-N20 at an amount of 
50 1 3.8 ± 7.g3 fmol/mg wet tissue. The atrium was also found to include abundant proAM-N20. A small amount 
of proAM-N20 was detected in the ventricle, lung, kidney, pancreas, intestine, liver, spleen, and brain cortex. 
The amount of prQAM-N20 in 1 mg wet tissue of the right atrium was about 5 times that of the left atrium. How- 
ever, the total amount of proAM-N20 in the ventricles was smaller than the amount in the atriums. The distrib- 
ution of proAM-N20 was very similar to that of adrenomedullin. proAM-N20 was included in a precursor of adre- 
55 nomedullin together with adrenomeduQin. There is a possibility that prcAM-N20 is also related to the regulation 
of the circulating system, as in adrenomedullin, CORP. BNP, ANP which is localized in the ventricles. 

The concentratk>n of proAM-N20 of the human adrenal medulla was 12.3 + 9.82 fmol/mg wet tissue. How- 
ever, the variation of values in each sample is large, which is considered to be dependent upon the degree of 
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differentJation of a tumor cell generating praAM-N20. 
[Example 8] 

{Etfect of proAM-N(10-2d) on Na channel) 



In SEo TkJT^^ " ' corresponding to the amino acid N-terminai sequence of proadrenomedullin 
in SEQ ID No. 1 determined in Example 5. More Specif leally. H Is a peptide [(-64^(-54)l corcsbondirtd t« Z 
am.no.c.^2.64H-54) Of SEQ lb No. 1. Pn>AM.N(1d.20) Jas^ntLiz^d SyVhi sSd SSS^^^ 
^'^'X^'^^^'i^^^^ ^PP'-'^ Biosystems). and purified b/reverse phaL HPLd 
Cultured »*v'ne adrenal meduila cells (fourdsvsold/4x iO^ ceH^^^^^ 

DroAMl^f^Sl °^ '''^^ f ^ in the control. wber«as it was 29 1 rtmol/dish {n=2) when 

oXaTril^? " wf ".''r ' ("=2) when p,.,AM-N20 was used. In this man ner the^S^ 

of 2Na into cells was inhibrted by pr6AM-N{10-20) by 70% and proAM-N20 by 30% 

Vanoos other modiffeatfens will be apparent to and can be r^ity made by those stalJed in the art without 
departing from the scope and spirit of this invention. Accordingly, it is not inlenL that theS^oerfSe dl^^ 
appended hereto be limited to the descrft,tton as set forth he«in. 6^ratf:^^t^Z^Zt^^ 
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[Sequence Listing] 

(1) INFORMATION FOR SEQ lO NO: 1 

(i) SEQUENCE CHARACTER IS TIGS 
XENGTH! 1457 
TYPiE: nucleic acid 
STRANDEDNESS: double 
TQPO LOQV : li ne ar 



( ii) MOLECULE TYPE: CDNA to mRNA 



20 ( vi) ORIGiNAL SOURCE : 

(A.) ORGANISM: human 

(ix) FEATURE 
i5 (A> NAME/KEY: CDS 

(S.;> LOCATION: i65 to 71^ 

(C) IDENTiFlGATION METHOD: by similarity with known sequence or to 

ah established consensus 



30 



(xi) SEQUENCE DESCRIPTION: SEQ ID iNO: 1: 



GGCACGAGGT GGATAGAACA GCTCAAGCGT TGCCACTTCG GGCTTCTCAC TGGAGCTGGG 60 
CTTGGACTfe GGAGTTTTGC CATTGCCAGT GGGACGTCTG AGACTTTCTC CTTCAAGTAC 120 
TTGGCAGATC ACTCTCTTAG CAGGGTCTGC GCTTCGCAGC CGGG ATG AAG CTG GTT 176 

Met Lys Leu Val 

TCC GTC GCC CTG ATG TAG CTG GGT TCG CTC GCC TTC CTA GGC GCT GAG 224 
Ser Val Ala Leu Met Tyr Leu Gly Ser Leu Ala Phe Leu Gly Ala Asp 
-90 -85 -80 -75 



45 



50 



55 
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10 



15 



ACG GCT CGG TTG GAT GTC C5CG TGG GAG TTT CGA AAG AAG TGG AAT AAG 272 

Thr Ala Arg Leu Asp Vai Ala Ser Glu Phe Arg Lys Lys Trp Asn Xys 

-76 -65 -60 

TGG GGT GTG AGT CGT GGG AAG AGO GAA CTG GGG ATG TCC AGC AGO TAG 320 

Trp Ala Leu Ser Arg Gly Lys Arg Glu Leu Arg Met Ser Ser Ser Tyr 

-55 -50 -45 

CCC AGC GGG GfC GCT GAG GTG AAG GCG GGG GGT GCG GAG ACC CTT ATT 3i&8 

Pro Tlir Gly Leu Ala Asp Val Lys Ala Gly Pro Ala Gin Thr Leu He 

-40 -35 -30 

CGG CGC CAG GAC ATG AAG GGT GCC TCT CGA AGG CCC GAA GAC AGC AGT 416 

Arg Pro Gin Asp Wet Lys Gly Ala Sar Arg Ser Pre Glu Asp Ser Ser 
2^ -25 -20 -15 

CCG GAT GCC GCC GGG ATC CGA GTG AAG CGC TAG CGC CAG AGG ATG AAC 464 

Pro Asp Ala Ala; Arg lie Arg Val Lys Arg Tyr Arg Gin Ser Met Asn 
-10 -S 15 

25 fiPiC TTC CAG GGC CTC CGG AGC TTT GGG TGG CGC TTC GGG ACG TGC AC<3 512 

Asn Phe Gin Gly Leu Arg Ser Phe Gly Cys Arg Phe Gly Thr Cys Thr 

10 15 20 

GTG CAG AAG CTG GCA GAC- CAG ATC TAG CAG TTC AGA GAT AAG GAC AAG 560 

Val pin Lys Leu Ala His Gin lie Tyr (Sin t'he Thr Asp Lys Asp Lys 

25 30 35 

GAC AAG GTG GCC CCC AGG AGG AAG ATC AGC CCC CAG GGC TAG GGC CGC 608 

Asp Asn Val Ala Pro Arg Ser Lys ile Ser Pro Gin Gly Tyr Gly Arg 

40 45 50 

CGG CGC CGG CGC TCC GTG CCC GAG GCC GGC CCG GGT CGG ACT CTG GTG 656 

Arg Arg Arg Arg Ser Leu Pro Glu Ala Gly Pro Gly Arg Thr Leu Val 
55 60 65 70 

TCT TCT AAG CCA CAA GCA CAG GGG GCT GCA GCC CCC CCG AGT GGA AGT 704 

40 Ser Ser Lys Pro Gin Ala His Gly Ala Pro Ala Pro Pro Ser Gly Ser 

75 80 85 

GCT CCC CAG TTT CTT TAGGATTTAG GCGCCCATGG TACAAGGAAT AGTCGCGCAA 759 
Ala Pro His Phe Leu 
45 90 



SO 
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GG ATCCCGCT GGTGGCTCCC GGGACGAAGG ACTTCCCGAG GGGTGTGGGG ACGGGGGTeT 819 

GAC^GCCCTG CGGAGACCCT GAG.TCCGGGA GGGACCGTeC GGCGGCGAGC TCTGGGTTTG 879 

CAAGGGCCiCC TCCtTCTGGG GGGTTCGCTT CCTTAGCCtT ^CTCAOQTGC AAGTGCCiSCA 939 

CGGGGCGGGG TGCAGAAGAA TCCGAGTGTT TGCCAGGCTT AAGGAGAGGA GAAACTGAGA 999 

AATGAATGCT GAGAGCCCCG GAGCAGGGGT GTGAGGCAGA GGCGTGCTCG CCGACAAAGT 1059 

iGATTTCTCAC GGCGTGTGAG CCGACGAGSG CGGAAGCCf G ACTATTACTT GAACTTTCCA 1119 

AAACCTAAAG AGGAAAAGTG CAATGCGTGT TGTACATACA GAiSGTAACTA TGAATATTTA 1179 

AGTTTGTTGG TGTGAAGATT TTTTTTGTAA CTTCAAATAT AiGAGATATTf TTGTACGTTA 1239 

TATATTGTAT TAAGGGGATT TTAAAAGCAA TTATATTGTC CTCCGGTATT TTAAGACGTG 1299 

AAtGTCTGAiS CGAiSGTGTAA ACTTGTTGGC GGCGTGGAAT GT<5AQtGTGT •TTGTGtGCAt 1359 

GAAAGAGAAA GACTGATTAC GTCCTGTGTG GAAGAAGGAA ACACCGAGTC TCTGTATAAT 1419 

GTATTTAGAt AAAATGGGTG ATATGCGAAC AGCAAAGC 1457 

(2) INFORMATiON FOR SEQ li> NO: 2 



(i) SEQUENCE CHARACTER I ST ICS 
LEiNGTH: 1493 
TYPEi nucleic acid 
STRANDEDNESS : double 
^ TOPOLOGr: linear 

(11) MOLECULE TYPE: CDNA to mRNA 

35 (vi) ORIGINAL SOURCE: 

(A) ORGANISM: pig 

(ix) FEATURE 
40 (A) NAME/KEY: CDS 

(B) LOCATION: 148 to 711 

(C) IDENTIFICATION METHOD: by similarity with known sequence or to 

an established consensus 

45 



so 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

fO GCGGAACAGC TCGA<5CCTTG GCACCTCTAG TTTCTTACGA GAGGTTGGAC GTGGdiGGtT.T 60 
TGCCACTGCe AGAGGGACGT CTCAGaCTTC ATCTTGCCAA ATCTTGGCAG ATCACCGGGT 120 
TAGCAGGGTC TGCACATCTC AGCGGGG ATG AAG GTG GTT CGC GTA GCG CTC ATG 174 

Met Lys L&u Val Pro Vai Ala I^u Met 
-90 

TAG CTG GGC TCG CTG GCC TTC CTG GGG GGT GAG AG A GCT GGG GTC GAG 222 
Tyr I*eu Gly Set Leu Ala Phe Leu Gly Ala Asp Thr Ala Arg Leu Asp 
-85 -80 -75 -70 

GTG GGG GCA GAG TTC GGA AAC3 AAA TGG AAT AAG TGG GCT GTA AGT GGT 270 
val Ala Ala Glu Phe Arg Lys Lys Trp Asn Lys Trp Ala Leu iSer Arg 

-65 -60 -55 

GGA AAA AGA GAA CTT CGG CTG TGG AGC AOC TAG GCC ACC GGG ATC GCC 318 
Gly Lys Arg Glu Leii Arg Leu Ser Ser Ser Tyr Pro Thr Gly He Ala 

-50 -45 -40 

GAG TTG AAG GCC GGG CCT GCG CAG ACT GTC ATT CGG GCC GAG GAT GTG 366 
A$p Leu Lys Ala Gly Pro Ala Gin TKr Val He Airg Pro Gift Asp Val 
-35 -30 -25 

^ AAG GGC TCC TCT CGC AGC CCC CAG GCC AGC ATT CCG GAT GCA GCC CGC 414 
Lys Gly Ser Ser Arg Set Pro Gin Ala Ser lie Pro Asp Ala Ala Arg 

~20 -15 -iO 

ATC CGA GTC AAG CGC TAG CGC CAG AGT ATG AAG AAG TTC CAG GGC CTG 462 
35 He Arg Val Lys Arg Tyr Arg Gin Ser Met Asn Asn Phe Gin Gly Leu 
-5 15 10 

CGG AGC TTC GGC TGT CGC TTT GGG ACG TGC ACC GTG CAG AAG CTG GCG 510 
Arg Ser Phe Gly Cys Arg Phe Gly Thr Cys Thr Val Gin Lys Leu Ala 
40 15 20 25 

CAC CAG ATC TAG CAG TTC ACG GAC AAA GAG AAG GAC GGC GTC GCC CCC 558 
His Gin lie Tyr Gin Phe Thr Asp Lys Asp Lys Asp Gly Val Ala Pro 
30 35 40 

45 
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GGG AGG AAiG ATC AGC COC CAG GGG TAG GGC QGC CGG CGC GGA CGC TCT 
Arg Ser Lys lie Ser Pro Gin Gly Tyr Giy Arg Arg Arg Arg Arg Seir 

45 50 55 

CTG CGC GAA GCG AGC GTG i3GC GGG ACT GTG AGG TCC GAG GAG GGA GAG 
Leu Pro Glu Ala Ser Leu Gly Axg Thr Leu Arg Ser Glh Glu Pro Gin 
60 65 70 75 

GCG CAC GGG GCC CCG GCC TCC CGG GCG CAT CAA GTQ GtC GCG ACT CTG 
Ala His Gly Ala Pro Ala Ser Pro Ala His Gin Val Leii Ala thr Leu 

8b 85 90 

TTT AGC ATT TAiSGCGCCTA CTGTGGCAGG AGCGAACAGT CGCGGATGGA 
Phe Arg lie 

TCATGGCGGC GGTTCCTGGG GCGGGGGGCT TGGCGGAGCC GAGCCCCf CA GGGGCTGGGG 
eCGGGGCAGA GACAGCATTG AGAGAGCGAG AGTGC!3GGAG GGACAGACCA GCGGC6AGCC 
CTGCATTTTG AGGAAGCGGT GGTGCTTGGA GGCAGTGTTC TCTT.GGGGTT AATCGAGCGG 
GGGTCCeCGG GTGGGGGTGG AGGGTGGAGA GGAATGCAAA GGAGTGtCAT PTGCCAGGCT 
GACGGAGAGG AGAAACTGGG AAGTAAA^GG TTAGACCCCC AGGGGCAAGG CTGTGAGCCA 
CTGGCGTGCC GCCCACAAAC TGATTTCTGA AGGGGAATAA GGGCAACAGiG GCGCAAGCCT 
CACTATTAGT TGAACTTTCC aaaagctaga GAGGAAAaGT gcaatgtatg ttgtatataa 
AGAGGTAAGT ATCAATATTT AAGTTTGTTG CTGlrCAAGAT T.TTTTTTTGT AACTTCAAAT 
ATAGAGATAT TTTTGTAGGT TATATATTGT ATTAAGGGCA TTTTAAAACA ATTGtATTGT 
TGCCCfCCCG TCTATTTTAA TATGTGAATG TCTGAGGGAG GTGTAACATt GTTTGGtGCd 
CGAAATGTGA GAGTGTGTGT GTGTGTGTGG GTGAAAGAGA GTGTGGATGG CTCTTGGGGA 
AGAAGAAAAC ACCATATGTG TATAATCTAT TTACATAAAA TGGGTGATAT GCGAAGTAGC 
AAACCAATAA ACTGTCTCAA TG 

(3) INFORMATION FOR SEQ ID NO: 3 

(i) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDNESS: Single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYP£: Other nuclelG acid 

Synthetic Dna 

(xi) SEQUENCE PESCRIPTION: SEQ ID No: 3: 

CARTCNATGA AYAAYTTYCA RGG 

(4) INFORMATION FOR SEQ lb NO: 4 

(i) SEQUENCE CHARACTERIStlCS 

(A) LENGTH: 23 base pairs 
^ (B) TYPE: nucieic acid 

CO STRANDNESS: single 
(D) TOPOLOGY: linear 

(11) MOLECULE TYPfi. Other nucleic acid 
Synthetic DNA 

{xi} SEQUENCE DESCRIPTION: SEQ ID No; 4: 

^ CARAGYATCA AYAAYTTYCA RGG 

(5) INFORMATION t<}R SEQ ID WO- 5 

35 (i) SEQUENCE CHARACTERISTICS 

CA) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDNESS: single 
^ (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Other nucleic acid 

Synthetic DMA 

45 



50 

(XX) SEQVE^'CE DESCRIPTION: SEQ ID No: 5: 
ACNCCRTCYT TRTCYTTRTC 

55 
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Claims 

1 A peptide having a hypotensive effect comprising an amino acid sequence from :Ser In the 13 position to 
Tyr in the 52 position of SEQ ID No. 1. 

2. Apeptlde according to claim 1 comprising an amino acid sequence from Tyrln the 1 position to Tyr in the 
52 position of S^Q ID No. 1 . 

3. A peptide according to dalm 1 comprising ah amino-acid sequence from Ala in the -73 position to Tyr In 
the 52 posltbn of SEQ ID No. 1. 

4. A pisptide accord ing to daim 1 consisting of an amino acid sequence from Ser in the 13 position to Tyr in 
the 52 position of SEQ ID No. 1. 

5. A peptide according to claim 2 consisting of an aitiino acid sequence frorri Tyr in the 1 pOsiition to Tyr in 
the 52 position of SEQ ID Na. 1. 

6. A peptide aax)rding to daim 3 consisting of ail anftirio acid seiqiience from Ala in the -73 position to Tyr 
in the 52 position of SEQ ID No. 1. 

7- A peptide accxMrdlng to any of dalnrts 1 through 6, Wherein the carbdxy terminal thereof is amidated. 

8. A peptide according to any of claims 1 through 6, wherein Gly is attached to the carbdxy terminus thereof. 

9. A peptide according to claim 1 comprising ah amino add sequence from Met in the -94 position to Leu iii 
the 91 position of SEQ ID No. 1. 

10. A peptide according tb any of dairiis 1 through 9, wtierein Cys:in the 16 posltion dhd Cy® in the:21 rrasitloh 
of SEQ ID No. 1 are linked by a disulfide bond. 

11. A peptide according to daim 10, wherein the disulfide bond Is substituted with a -GH2-CH2- bond. 

12. A peptide comprising an amino add sequence from Gin in the 3 position to Arg in the 12 position of SEQ 
ID No. 1 , the peptide generating an antibody recognizing the amino acid sequence of daim 2. 

13. A peptide according to claim 12 comprising an amino acid sequence from Tyr in the 1 position to Arg in 
the 12 position of SEQ ID No. 1. 

14. A peptide comprising an amino acid sequence from lie in the 47 position to Tyr In the 52 position of SEQ 
ID No. 1, the peptide generating an antibody recognizing the amino acid sequence of daim 1 or 2. 

15. A peptide according to daim 14 comprising an amino add sequence from Ser in the 45 position to Tyr In 
the 52 position of SEQ ID No. 1. 

16. A peptide according to daim 14 comprising an amino acid sequence from Asn in the 40 position to Tyr in 
the 52 position of SEQ ID No. 1. 

17. A peptide according to any of dalms 14 through 16. wherein the cart)oxy terminal thereof is amidated. 

18. A peptide having a Na channel Inhibitory effect comprising an amino add sequence from Arg In the -64 
position to Arg in the -54 position of SEQ ID No. 1. 

19. A peptide having a catecholamine secretion inhibitory effect comprising an amino acid sequence from 
Ala in the -73 position to Arg in the -54 position of SEQ ID No. 1. 

20. A peptide according to daim 16 or 19, wherein the carboxyl terminus thereof is amidated. 

21. A peptide according to daim 18 or 19. wherein Gly Is attached to the carboxyl terminus thereof. 

22. A peptide comprising an amino add sequence from Trp in the -61 position to Arg in the -54 position of 
SEQ ID No. 1, the peptide generating an antibody recognizing the amino acid sequence of daim 19. 
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23. A peptide according to daim 22 comprising an amino acid sequence from Phe in the -65 position to Arg 
in the -54 position of SEQ ID No. 1. 

24. A peptide according to claim 22 or 23, wherein the carboxy terminal thereof is amidated. 

25. Apeptlde according to any of claims 1 through 24, wherein at least one of the amino acid sequences form- 
ing the peptide is labeled. 

26. Apeptideabcordingfoanyofdaims1fhrough:24fui^comprteingTyrlabd^ 
th«i Tyr baing attached to the peptide. 

27. A DNA sequence encoding any of the peptides of daliws 1 through 24. 

ia. A DNA sequence according to claim 27 comprising a base sequence ftem A In the 483 position to C in 
thei602 posftioii bf SEQ ID No. 1. 

29. A DNA sequence according to claim 27 comprising a base sequence from A in the 483 position to C in 
the 605 position of SEQ ID No. 1 . 

30. A DNA sequence according to claim 27 comprising a base sequence from T in the 447 ijdsitlon to C in 
the 602 piMition <»f SEQ ID No. 1 . 

31. A DNA «K|uence according to claim 27 comprising a base sequence from T in the 447 position to C in 
the 605 pdsttioh of SEQ ID No. 1. 

32. A DNA sequence accdidlng to claim 27 comprising a base sequence from G In the 228 position to C in 
the 602 position of SEQ ID No. 1 . 

33. ADNA sequence accbidihg to claim 27 comprising a base sequence from 6 in the 228 position to C iii 
the 605 positlbh of SEQ ID No. 1 . 

34. A DNAsequence acooiding to daim 27 comprising a base sequence from A in the 165 position to T In the 
719 position of SEQ ID No. 1. 

35. ADNA sequence according to daim 27 comprising a base sequence from C in the 255 position to T in 
the 287 position of SEQ ID No. 1. 

36. A DNA sequence according to claim 27 comprising a base sequence from C in the 255 position to G in 
the 290 position of SEQ ID No. 1 . 

37. A DNA sequence according to daim 27 comprising a base sequence from G in the 228 position to T in 
the 287 position of SEQ ID No. 1. 

38. A DNA sequence according to daim 27 comprising a base sequence from G in the 228 position to G in 
the 290 position of SEQ ID No. 1. 

39. A DNA sequence according to daim 27 comprising a base sequence from T in the 264 position to T in 
the 287 position of SEQ ID No. 1 . 

40. A DNA sequence according to daim 27 comprising a base sequence from T in the 252 position to T in 
the 287 position of SEQ ID No. 1. 

41. An expression vector having any of the DNA sequences of daims 27 through 40. 

42. A transformant obtained by Introdudng the expression vector of daim 41 into a host. 

43. A production method for any of the peptides of daims 1 through 17 comprising the steps of: 
culturing the transformant of daim 42 in a medium; and 

collecting the generated peptide from the mediura 

44. A production method accorting to daim 43 further comprising a step of amidating the carboxyl temiinus 
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of the collected peptide. 

45. An antibody recognizing any of the peptides of claims 1 through 26. 

46. An antibody according to claim 45 recognizing a portion included in an amino acid sequence from Tyr in 
the 1 position to Arg in the 12 position of SEQ ID No. i. 

-47. An antibody accoitJing to dalm 45 recognizing a portion included In an amino acid sequence from Gin in 
the 3 pdsition to Arg tn thd 15 poskion of SEQ ID No. 1 . 

48. An antibody according to claim:4i5 recogni^ng a portion Induded In an amino acid sequence from He in 
the 47 position to Tyr In the 52 position of SEQ ID No. i. 

48. An antibody according to da im 45 recognizing a portion induded in an amino acid sequence from Serin 
the 45 position to Tyr in the 52 position Of SEQ ID No. 1. 

5b* Ah antibody acoDfding to daim 45 reGognizirig a portion induded in ah amino acid sequence from Ash in 
the 40 position to Tyr in the 52 position of SEQ ID No. 1. 

51. An antibody according to daim 45 recogriizirig a portion induded in an amino acid sequeni^ from Trp in 
the -61 position to Arg in the -54 position of SEQ.ID No. 1. 

52. An antibody according to dairrt 45 recognizing a portion induded in an anriiho add sequence f roim Rhe in 
the -65 position to Arg In the -54 positibri of SEQ ID No. 1. 

53. An antibody according to any of dairhs 48 throujgh 52, wherein a caitoxy group at the carboxyl teirrhinus 
of the amino acid sequence is anhidated. 

54. An imnrtunologicial iassay Ibr a peptidie comprising the steps of: 

incubating a sample Indudihg any of the peptides of dalihs 1 through 26 with any of the antibodies Of 
daims 45 through 53 under conditions for forming an antigen-antibody complex; and 
quantifying the antigen-antibody complex. 

55. A vasorelaxant, a vasodi lator or a medicament for cardiac failure induding any of the peptides of daims 
1 through 11 and IB through 21 as an effectivie component. 

56. A kit for an immundogical assay of any of the peptides of daims 1 through 26. induding any of the anti- 
bodies of daims 45 through 53. 

57. A kit according to daim 56 further induding any of the peptides of dainns 1 through 26. 
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' 10 

T>r- Arg - Gin - Ser-Met- Asn-Asn--Phe- GIn-Giy-Leu- Arg- 

HREIH I— ^ , I— ^qI 

^- 30 

Arg- Phe-- Gly- Jhr- Cys- Thr- Vo l- GIn-Lys- Leu- Aid- His- Gln-Ile^ 
' ' ' ' ~ — RE4 



40 

Tyr- Gin- Phe-Thr- Asp- Lys- Asp- Lys- Asp- Asn- Vd- Ala- Pro- Arg- Ser- 

RES J ' 

50 52 
Lys-Ile-Ser- Pro- Gin- Gly- Tyr- NH2 
-RE6- . ^ 
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(54) Adrenomedullin 

(57) According to the present invention, adrenom- 
edullin which is a novel peptide having a hypotensive 
effect; proadrenomedullin IM-tenninal 20 peptide 
(proAM-N20) corresponding to an amino acid sequence 
of an N-terminus of proadrenomedullin, having a cate- 
cholamine secretbn inhibitory effect; proadrenomedul- 



lin N-terminal 1 0-20 peptide (proAM-N(1 0-20)) having a 
Na channel inhibitory effect, and a gene encoding these 
peptides are provided. In addition, according to the 
present invention, these peptides in a sample containing 
adrenomdullin or proAM-N20 in an unknown amount 
can be quantified by using an antibody against 
adrenomedullin. proAM-N20. or its fragment. 
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